This study explores the asymmetric exchange rate exposure of stock returns building upon the capital asset pricing model (CAPM) framework, using monthly returns of Chinese industry indices. We are interested in estimating long run and short run relationships as well as asymmetric effects. In order to do so, we estimate nonlinear autoregressive distributed lags models to (1) obtain the long run or cointegrated effects and dynamics, (2) be able to mix I(1) and I(0) variables and (3) to split the effect of positive and negative changes in the variables, i.e. asymmetries. In accordance with the existing literature, industry returns are subject to lagged exposure effects, but the asymmetries vary across industries, which could be due to the discrepancies in, amongst others, trade balance and ownership of certain industries. Furthermore, the dynamic multipliers depict that industry returns quickly respond to changes in the exchange rate and correct the disequilibrium within a short time, making the long run exposure to be symmetric or very small. The remaining shocks are mainly explained by the return of market portfolios. This implies that the ongoing restrictions on the RMB daily trading band do indeed protect the Chinese stock market against the effects of currency movements.
Introduction
Economic theory predicts that exchange rate changes are associated with stock market performance. This is known as the "flow-oriented" exchange rate model ( Dornbusch & Fischer, 1980; Phylaktis & Ravazzolo, 2005) , which suggests that changes in exchange rates have a significant impact on international competitiveness and trade balance and, accordingly, affect real income and output. Stock prices respond to exchange rate changes since the current value of firms' future cash flows are expressed and incorporated into stock prices. Complementarily, the existing literature suggests that firm values are exposed to unanticipated changes in the exchange rate ( Adler & Dumas, 1984; Jorion, 1990; Dominguez & Tesar, 2001 ). The literature also finds that exchange rate changes have symmetric effects on stock returns, i.e. depreciations and appreciations have similar effects in magnitude on stock returns ( Ajayi & Mougouė, 1996; Nieh & Lee, 2001; Phylaktis & Ravazzolo, 2005) . However, there is little reason to believe that stock markets should behave in this way, as appreciations may have different effects in magnitude on stock returns than depreciations. In order to analyse this source nonlinear behaviour, empirical attention is increasingly turning to modelling asymmetric effects of exchange rate changes on stock prices ( Miller & Reuer, 1998; Apergis & Rezitis, 2001; Bartram, 2004; Koutmos & Martin, 2007; Hsu, Yau & Wu, 2009) . However, these studies did not investigate long run and short run asymmetric exchange rate effects (exposures). Moreover, previous studies mainly used linear regression models to explore the exchange rate exposure. In this paper we seek to shed some light on the analysis of the asymmetric exchange rate exposure of stock returns in China using a nonlinear framework.
The rapid growth of the Chinese economy has increasingly attracted international investors to China. The announcement November 2014) of the merger of the Shanghai and Hong Kong stock exchanges has promoted Chinese markets.
1 Under the environment of globalisation, the Chinese market has become more attractive, inclusive but vulnerable than before. The Chinese authorities are gradually relaxing currency restrictions; with the expansion of the currency daily trading band of 0.3% in 1994 to 0.5% in 2007, 1% in 2012 and 2% in 2014, 2 the RMB is becoming more flexible and tradable in the foreign exchange market. Since late 2013, the Chinese currency has been the second most used currency in international trade settlement according to The Society for Worldwide International Financial Telecommunications (SWIFT). 3 In conjunction with the traditional "floworiented" theory, the resulting currency movements might affect the performance of stock markets, hence understanding the nature of exchange rate exposure is of importance to investors. The extant studies on the interactions between exchange rate and stock prices in China have mainly focused on the market level ( Zhang & Li, 2002; Deng & Shen, 2008; Zhao, 2010) . While investors prefer to invest in individual industries with higher returns but fewer risks, these industries are subject to exchange rate changes, which adds an additional source of risk. Taking into consideration this situation, studying asymmetric exchange rate exposure at the industry level could provide new insight into systematic risks for investors.
There is a voluminous literature on the relationship between exchange rate changes and stock prices. We can group this into three main clusters. First, a large volume of studies investigate the spillover effects of exchange rate movements on stock prices and vice versa ( Granger, Huangb & Yang, 2000; Nieh & Lee, 2002; Homma, Tsutsui & Benzion, 2005; Walid et al., 2011) . 4 These studies aim to explore the causal relationship between currency markets and stock markets at the market level. Second, some studies have investigated the asymmetric exchange rate spillovers on stock prices ( Apergis & Rezitis, 2001; Reyes, 2001; Chkili, Aloui & Nguyen, 2012) . Most of them carry out the examination of asymmetric volatility spillovers using a GARCH model. Third, an increasing number of studies examine the exchange rate exposure of firm value, building upon the conventional capital asset pricing model (CAPM) framework ( Miller & Reuer, 1998; Dominguez & Tesar, 2001; Bartram, 2004; Dominguez & Tesar, 2006; Chue & Cook, 2008) . These researchers test the asymmetric effects of exchange rate movements on stock returns, which are similar to our study but differ in their econometric modelling. Most of them used the linear regression approach to estimate exchange rate risks, without distinguishing between short run and long run effects, while our study estimates the exposure effect using the nonlinear autoregressive distributed lag approach. There is some literature on the asymmetric effects of exchange rate changes specifically on the Chinese stock market ( Yeh & Lee, 2001; Miao et al., 2013) , but these studies did not investigate the long run and short run asymmetries of exchange rate exposure and some industries were commonly excluded from their samples, such as non-exporting and financial industries.
The main aim of this study is, hence, to investigate the asymmetric exchange rate exposure of stock returns in the Chinese stock market at the industry level. Specifically, we introduce the conventional CAPM for measuring exchange rate exposure. We construct the dynamic nonlinear model to investigate both the long run and short run asymmetric exposure effects, which is carried out by means of estimating a nonlinear autoregressive distributed lag (NARDL) model ( Shin, Yu & Greenwood-Nimmo, 2014) .
Building upon the CAPM structure, this paper contributes to a growing literature on the analysis of exchange rate exposure of the Chinese stock market on the following grounds. First, compared with linear regression models, the NARDL model demonstrates its competence and efficiency in estimating the exchange rate exposure. The disparities in the exposure effect depend on the ownership of these companies and the expansion of their global operations. Second, industry returns strongly and quickly respond to exchange rate changes in the very short run, while most of the long run exposures are symmetric or very small. This indicates that the remaining shocks are explained by the return of market portfolios. This further supports the fact that the restriction on the daily trading band of the RMB exchange rate protects the Chinese stock market against the effect of currency movements. Third, this paper also posits a series of hypotheses on the exchange rate exposure of non-exporting industries and financial industries, which were commonly ignored in the existing literature. Our study provides investors with in-depth insight into the nature of exchange rate exposure of Chinese industries. Finally, this study tests the appropriateness of two alternative ways for measuring unexpected changes in the exchange rate change, given that the RMB exchange rate is closely monitored by the government. The remaining sections of this study are organised as follows: The theoretical framework and econometric methods are discussed in 2. 3 gives details of the dataset and preliminary statistics. 4 investigates the exchange rate exposure of Chinese industries using both the linear and nonlinear approaches. The last section concludes the paper.
Econometric modelling

Theoretical framework and hypotheses
In the existing literature, the popular approach for measuring exchange rate exposure is based on the CAPM framework ( Jorion, 1990; Dominguez & Tesar 2001; Chue & Cook, 2008; Du & Hu, 2012) . Testing for exchange rate exposure involves incorporating the changes in the exchange rate on the right hand side of the CAPM and testing the significance of the exposure coefficient. The theoretical model taking the market return into account has the following expression:
where SR is the stock return of industry i at time t, RM t is the market return and ER t is the change in the trade-weighted real effective exchange rate. Equation (1) gives the theoretical model of measuring exchange rate exposure of industry returns. 5 To control for macroeconomic conditions, the return of a market portfolio is included in the model. It adjusts the total exposure estimates to remove macroeconomic effects. 6 The examination of exchange rate exposure is to test whether the coefficient β 3,i is significantly different from zero. β 3,i is referred as residual exposure elasticity of industry returns.
In this study, both exporting industries and non-exporting industries are included in the sample. Building upon the previous literature, we posit the following hypotheses:
(1) H0: Non-exporting industries are subject to exchange rate exposures; H1: Non-exporting industries are not exposed to exchange rate changes.
Exchange rate exposure at the industry level is determined by the industry's activities, i.e. exporting or importing, but an appreciation of the home currency may exhibit little effect on the value of an industry that both invests overseas and uses internationally-priced inputs ( Bodnar & Gentry, 1993) . In this paper, we pay attention to exposure effects from both exporting and non-exporting industries, since Greenaway and Kneller (2007) point out that exporting and non-exporting industries are subject to different exposures due to different industry characteristics.
(2) H0: Financial industries suffer fewer exposures due to their sophisticated risk management schemes and unique asset structures; 7 H1: No significant evidence shows that financial industries suffer fewer exchange rate exposures.
Financial industries are usually ignored in previous studies due to their unique asset structures and business objectives ( Bartram 2004) . However, financial companies might be subject to transaction exposures and translation exposures during their daily operations, especially for those firms which have overseas branches. To get an insight into systematic risks of Chinese industries and provide solid suggestions for investors, we need to further investigate whether Chinese financial industries suffer from exchange rate risks.
(3) H0: Lagged exchange rate changes have significant exposure effects on industry returns; H1: Chinese industries do not suffer from lagged exposure effects.
The extant literature suggests that firm values are also exposed to lagged exchange rate changes ( Williamson, 2001; Doukas, Hall & Lang, 2003) . This might be particularly true in China due to the implementation of a managed floating exchange rate policy, but we need to assess the evidence.
(4) H0: Industry returns symmetrically respond to changes in the exchange rate; H1: Industry returns asymmetrically respond to exchange rate changes.
There are numerous studies on the interaction between exchange rates and stock returns in the Chinese stock market, but most of them focus on the linear correlation. The main interest of this study is to examine whether the exchange rate exposure is symmetric or asymmetric, and further propose suggestions accordingly.
Econometric methods
We firstly estimate a reduced form vector autoregressive (VAR) and sort the equation by SR , then hence, the linear exchange rate exposure equation is written in the following form:
The above equation is an extension of the conventional CAPM framework for measuring exchange rate exposure, in which lagged regressors are included.
8
Most studies assume that firm returns responds symmetrically to appreciations and depreciations of the home currency. However, changes in exchange rates might cause asymmetric changes in industry returns both in the long run and short run, which could be positive or negative, i.e. above or below the equilibrium relationship.
9 Therefore, the main aim of this study is to investigate the asymmetric exchange rate exposure of Chinese industries. Following Shin, Yu, and Greenwood-Nimmo (2014), our study applies the nonlinear autoregressive distributed lag (NARDL) model to estimate the exchange rate exposure of industry returns. One of the main features of this approach is its competence in estimating the long run and short run asymmetries in a coherent manner, regardless of the order of integration of the variables. The simple asymmetric long run regression is expressed as:
where
+ and ER − are the partial sum process of the positive and negative changes in the original series (RM t and ER t ).
β + and β − are the coefficients for the asymmetric positive and negative market exposures, respectively. γ + and γ − are the coefficients for the asymmetric positive and negative effects of the change in the exchange rate, respectively. ε i,t is the error term of industry i. Schorderet (2003) defines the asymmetric cointegrating relationship as the linear combination of the partial sum components. Hence in this case, the long run asymmetric relationship between industry returns and exchange rate changes is given as:
When + = − , + = − and + = − , the long run relationship amongst these series are symmetrically cointegrated. The dynamic framework for modelling exchange rate exposure takes both the long run and short run asymmetries into account. It is straightforward to rewrite equation (3) into the ARDL (p,q) form:
where α 0,i is the constant of industry i. ϕ j is the parameter of lagged industry returns. ( Shin, Yu & Greenwood-Nimmo, 2014) . ω t are the regressors entering the NARDL model symmetrically. θ ω and Ω ω,j are symmetric long run and short run coefficients for those regressors, respectively. ε i,t is an error term.
Compared with the existing regime-switching models, the NARDL model can be simply estimated by OLS. Added to that, the model is valid regardless of the integration orders of the variables. The test of long run equilibrium amongst these variables can be easily carried out based on the bounds test ( Pesaran, Shin & Smith, 2001) : 
where h→∞ , mh + →γ + and mh − →γ − . γ + and γ − designate the asymmetric positive and negative long run parameters, respectively. The dynamic multipliers graphically show the transition between the short run and long run, from disequilibrium towards a new equilibrium. This is extremely useful in interpreting the responsiveness of industry returns to the change in the exchange rate.
3 The data and preliminary analysis
Dataset
We use a monthly dataset in this empirical investigation, which consist of 31 industry indices spanning the period from August 2006 to February 2015. However, four industries have a longer period (November 1996 to February 2015 , including the agriculture, forestry, fishing and husbandry (AFFH), transportation, transportation facilities, and education and media industries. As the Chinese stock market consists of the Shanghai and Shenzhen stock markets, both the Shanghai Stock Exchange Composite Index (SHCOMP) and the Shenzhen Stock Exchange Component Index (SICOM) are collected. Stock indices are obtained from the Chinese Dazhihui Securities trading software.
11 Given that most firms export their products to many countries and are exposed to multilateral exchange rates, the real rate of the trade-weighted exchange rate (TWER) is commonly used in the existing literature ( Jorion, 1990; Dominguez & Tesar, 2006; Chue & Cook, 2008) . 12 The TWER data are obtained from the Bank for International Settlement (BIS). Figure 1 gives the plots of the TWER of China and the US. Since August 2006, China's TWER has increased by 54.86%, while the US TWER only declined by 4.7%. The increase in the TWER implies the strength of the currency against those of trade partners. This will benefit the country's imports but undermines the competitiveness of its exports. Figure 2 represents the returns of the TWER for the two countries. There is no significant evidence supporting that US TWER is more volatile than that of China except for the initial stage of the 2008 world financial crisis. Therefore, it is appropriate to use the TWER to investigate exchange rate exposure in China. 
Data transformation and preliminary analysis
In this study, industry returns are defined as the natural logarithmic of the difference between two consecutive closing prices. The change in the exchange rate is also constructed on the same basis:
where SR is the return of industry i at time t, and ER t is the change in the TWER. and twer t are the price index of industry i and the TWER at time t, respectively. Considering the government intervention in the foreign exchange market, the change in the RMB exchange rate might be expected by investors, since the currency daily trading band is restricted. The classical definition of exchange rate exposure [see equation (1)] refers to the effects from unexpected exchange rate changes ( Dominguez & Tesar, 2006; Chue & Cook, 2008) . If the change in the RMB exchange rate is completely expected, investors could fully manage and offset their potential exchange rate exposure. Therefore, we propose two alternative ways of measuring the change in the RMB exchange rate. First, we obtain unexpected exchange rate changes from the following linear regression equation:
twer t is the exchange rate (TWER) at time t, twer t−1 is the lagged exchange rate. The unexpected exchange rate changes are the error term ε t . Second, we decompose the series of twer t into trend and cyclical components using Hodrick-Prescott (HP) filter ( Hodrick & Prescott, 1997) .
where gwer t and ctwer t (ctwer t =twer t −gtwer t ) are the growth component and the cyclical component of twer t (for t=1,…, T), respectively. 13 The cyclical part twer t here is the unexpected change in the TWER. In this study, we estimate the NARDL model by incorporating the three different measures of exchange rate changes in order to observe the potential different findings of estimating exchange rate exposure.
Regarding the market return, we define it as the average returns of the SHCOMP and the SICOM:
where MR SHCOMP and MR SICOM are the returns of the Shanghai stock market and the Shenzhen stock market, respectively. We assume that there is no significant difference in the shocks from the Shanghai market and the Shenzhen market. Hence we give equal weights to the two market indices.
As reported in Table 1 , the log returns of industry indices do not exhibit any dramatic changes. The mean and standard deviation of most series are around 0.01 and 0.1. To carry out the dynamic linear modelling, we need to check the order of integration of the variables. The augmented Dickey Fuller (ADF) approach tests the null hypothesis that the series has a unit root ( Dickey & Fuller, 1979; Dickey & Pantula, 1987) . We also apply the Kwiatkowski-Phillips-Schmidt-Shin (KPSS) stationarity test ( Kwiatkowski et al. 1992) , which has more power and less size distortion for small samples. Table 2 reports the two types of unit root tests. All variables appear to be integrated of order zero I(0), as demonstrated by the two tests. This supports the existing evidence that the CAPM can be estimated in levels ( Jorion, 1990; Dominguez & Tesar 2001; . 
Empirical analysis
Dynamic linear estimation of exchange rate exposure
We first estimate the exchange rate exposure of Chinese industries applying the VAR approach in levels, since the unit root test results suggest that all variables are stationary. The lag length of the VAR model is determined by the Akaike information criteria. Among the 31 industries, two lags are selected for the real estate and securities industries, but only one lag is included in the VAR system for the remaining industries according to the information criteria. Table 3 reports the dynamic linear estimation of exchange rate exposure of industry returns. As the table shows, most of the estimated parameters are statistically non-significant. The adjusted R 2 of each industry is quite small. Some of them are negative as the intercept is constrained in the VAR model, so they are forced to fit worse than the horizontal line. Furthermore, the diagnostics indicate that some models are subject to autocorrelation and heteroscedasticity in the residuals. The goodness of fit of these models in conjunction with the diagnostic tests implies that the dynamic linear modelling of exchange rate exposure of industry returns is problematic. A possible solution could be the application of nonlinear modelling.
Dynamic nonlinear modelling of exchange rate exposure
In order to address those issues raised from the dynamic linear modelling exchange rate exposure, we carry on the estimation using the NARDL approach. Table 4 reports the dynamic asymmetric modelling of exchange rate exposure of industry returns. One dominant feature is that the nonlinear modelling significantly improves the goodness of fit of each model. The adjusted R 2 ranges from 0.78 to 0.94 as demonstrated in the table, which are much larger than those for the dynamic linear estimates. Very few diagnostic tests are rejected. The majority of the parameters are statistically significant. This further proves that the dynamic nonlinear modelling of exchange rate exposure is much more competent and efficient than the linear approach, which also indicates that exchange rate exposure of industry returns are genuinely asymmetric. This is consistent with the empirical evidence from Japanese industries ( Hsu, Yau & Wu, 2009) , US industries ( Koutmos & Martin, 2007) , and Australian industries ( Brooks et al. 2010 ). As demonstrated in the table, the F PSS statistics are statistically significant, which test the null hypothesis:
. This indicates the existence of a long run relationship among industry returns, market returns and exchange rate changes, regardless of model specification. Industry returns receive exposure from the fluctuations of market returns and exchange rate changes. Twenty industries are exposed to asymmetric exchange rate exposures, which accounts for 64.5% of the total number of industries in China.
14 Eighteen of them are subject to asymmetric effects both from the fluctuations of market returns and exchange rate changes, which include two financial industries (banking and securities), two service industries (tourism and hotel, commercial chains), education and media industry, as well as 15 manufacturing industries. Further, five industries only receive asymmetric market exposures, including AFFH, chemical, construction materials, insurance and iron industries. This implies that these industries mainly sell products to domestic customers although there has been an increase in the exports of these industries. Exports only account for a small proportion of their total output. This is particularly evidenced by the iron industry. According to a report from the General Administration of Customs of China, 15 China has been the largest iron exporter in the world since 2006, but the iron exports in 2014 made up no more than 10% of the total outputs. There is no doubt that these industry returns exhibit little or no correlation with asymmetric exchange rate exposures. In addition, the table reveals that six industries are not exposed to asymmetric effects from market returns and exchange rate changes, namely coal and petrol, electricity, estate, nonferrous metals, textile and garment, and transportation industries. A possible reason for this could be that most firms within these industries are state-owned companies, such as in the coal and petrol, electricity and nonferrous metals industries. These listed firms are closely monitored by the authorities.
Looking into the identified asymmetric effects of exchange rate exposures, 16 industry returns are exposed to asymmetric long run and two industries present short run exchange rate exposures. There are two industries (banking, wine and food industries) characterised by long run and short run asymmetries simultaneously. In response to the proposed hypotheses, the empirical analysis gives us the following results:
1. Not all the non-exporting sectors are resistant to exchange rate exposures. Although the returns of most state-dominated industries exhibit little or no correlation with exchange rate changes, such as coal and petrol, electricity and nonferrous metals industries, some non-exporting industries still suffer from exchange rate changes, such as water and gas, education and media industries, since these industries are heavily reliant on the import of relevant resources.
2. There is no evidence supporting the hypothesis that financial industries are immune to exchange rate exposures. This supports the idea that financial industries are still subject to exchange rate risks, since financial industries benefit from a strong home currency and maintain net long domestic currency positions ( Koutmos & Martin, 2003; Muller & Verschoor, 2006; Hsu, Yau & Wu, 2009) . 16 In contrast, the banking industry is exposed to both the long run and short run asymmetric exposure effects, which may be attributed to asymmetric hedging. This might also be explained by the fact that there has been an increase in overseas operations of Chinese banks, as Chinese banks are actively pushing RMB internationalisation through a wide range of activities, such as offering overseas loans, investing in the global financial market and issuing offshore RMB bonds. These activities are no doubt putting Chinese banks at the risk of currency movements.
3. Lagged exchange rate changes have significant exposure effects on industry returns. As Table 4 reveals, some of the lagged short run exchange rate parameters are statistically significant. This is consistent with the evidence in the existing literature ( Williamson, 2001; Doukas, Hall & Lang, 2003; Martin & Mauer 2003a; 2003b) , which suggests that stock returns are subject to both contemporaneous and lagged exchange rate movements.
4. It is apparent that industry returns respond asymmetrically to changes in the exchange rate. The dynamic linear estimates show that those VAR models are severely misspecified, while the dynamic nonlinear estimates show that the exposure effects of exchange rate changes on industry returns are asymmetric.
In Table 4 , the estimated asymmetric exchange rate exposure coefficients are given by
. To interpret the asymmetric exposure effects, we select three industries as examples, the chemical, electronics and machinery industries. Irrespective of the significance of the coefficients, the long run coefficients are −0.091 and −0.352 for chemical industry, −0.690 and −0.303 for electronics industry, respectively. This means that an upturn of exchange rate fluctuations of 10.99% reduces returns of chemical industry by 1%, 17 while the downturn of just 2.84% in exchange rate changes increases industry returns by 1%. For the electronics industry, the upsurge of exchange rate changes of 1.45% increases industry returns by 1%, but the decline of 3.30% increases industry returns by 1%. Likewise, the long run coefficients for the machinery industry are −0.098 and −0.716. Therefore the values convert into an upturn of exchange rate changes of 10.30% increases industry returns by 1% but a downturn of 1.40% reaches the opposite.
Asymmetric exchange rate exposure of industry returns: evidence from two alternative ways of measuring unanticipated exchange rate changes
Considering the managed floating exchange rate in China, the daily fluctuation range of the RMB exchange rate is expected; 18 we need to separate expected and unexpected exchange rate changes, as firm returns are only subject to the unanticipated component. We initially calculate unexpected changes in the exchange rate using the regression approach and the HP filter [see equation (11) and (12)], and then estimate the exchange rate exposure of industry returns using the same NARDL model. Table 5 reports the asymmetric exchange rate exposure of industry returns based on alternative ways of measuring unexpected changes in the exchange rate. When we include the "real sense" of unanticipated changes in the exchange rate in the NARDL framework, that are obtained from the simple regression approach, the model estimates show that 12 industries are subject to long run asymmetric exchange rate exposure and four industries are exposed to short run asymmetric exchange rate exposure. Compared with the estimates in Table 4, where the exchange rate variable is measured as log returns, the long run asymmetric exchange rate exposure captured in six industries (in Table 4 ) does not appear in Table 5 , including banking, chemical, computer, electronic equipment, machinery, tourism and hotel industries. These industries are exporting industries, which are exposed to transaction and translation exposure. Although the long run relationship amongst these variables exists, as confirmed by F PSS statistics, some long run asymmetric exchange rate coefficients become insignificant. Table 6 gives the asymmetric exchange rate exposure estimates using the NARDL approach with the inclusion of a cyclical component of the exchange rate that is calculated from the HP filter method. There are eight industries exhibiting long run asymmetric exposures but none of industry returns suffer from short run asymmetries. The iron industry has been found to suffer from long run asymmetric effects. This is opposite to both the evidence shown in Table 4 and Table 5 . The model estimates seem to be much worse than the results shown in Table 5 . A possible reason for this could be the artificial way of separating the growth component and the cyclical component of the exchange rate. Therefore, we are inclined to conclude that the conventional way for calculating unanticipated changes in the exchange rate is appropriate for measuring exchange rate exposures. 
Dynamic multipliers
The dynamic multipliers depict the adjustment of industry returns responding to exchange rate changes from initial equilibrium to a new equilibrium over horizon, which graphically represent the cumulative effects of unanticipated changes in the exchange rate on industry returns according to equation (9). Figure 3 represents the dynamic multipliers with restrictions on the short run and long run asymmetries, which are identified in the NARDL estimates in Table 4 . 19 The long run symmetric restrictions for market returns and exchange rate changes are θ + =θ − and λ + =λ − , respectively. The short run symmetric restrictions for market returns and exchange rate exposures are ∑ Table 4 .
As demonstrated in the graphs, the asymmetric effects vary across industries. 20 Generally, eleven industries exhibit no correlation with the asymmetric exchange rate exposures, but five of them show resistance to exchange rate changes, including the coal and petrol, electricity, estate, insurance and iron industries. Only three of them (coal and petrol, electricity, estate) are non-exporting industries, the other two are exporting industries. The dynamic multipliers also show that six industries are subject to asymmetries in the very short run, namely the AFFH, chemical, construction materials, nonferrous metals, textile and garment, transportation industries. Essentially, industry returns quickly respond to exchange rate changes and adjust towards a new equilibrium within 6 months. Some of them are much shorter, around 2 months. The majority of these asymmetries are dominated by negative exchange rate shocks.
The depicted dynamic multipliers in Figure 3 are in accordance with the identified asymmetric exchange rate exposures. If only short run asymmetric exchange rate exposure is confirmed by the NARDL estimations, the dynamic multiplier indicates that industry returns swiftly respond to exchange rate shocks and adjust towards a new equilibrium within a couple of months, 21 such as communication and logistics industries. If long run asymmetric exchange rate exposures are identified, the dynamic multipliers show that more than 50% of the disequilibrium could be adjusted within 5 months, but the correction towards long run equilibrium takes a very long time.
22 If the long run and short run exposure effects are symmetric, the dynamic multipliers show that the asymmetry line is maintained at the level of zero, and the negative and positive changes in the exchange rate are completely symmetric. In conjunction with identified asymmetries, we could draw a general conclusion that exporting industries are commonly subject to asymmetric exchange rate exposures, especially when their overseas operations account for a large proportion of their businesses, such as banking, commercial chains and the majority of manufacturing industries. Nonetheless, if the state-owned enterprises dominate the industry, industry returns are mainly affected by market returns but face less exposure from exchange rate changes, such as coal and petrol, communication, electricity, estate, insurance, iron, nonferrous metals, transportation industries. These findings seem to suggest that the managed floating exchange rate policy has benefited the Chinese economy in terms of market intervention. The restrictions on the daily floating range of the RMB exchange rate have protected the Chinese economy against exchange rate shocks. This is also revealed by the portrayed dynamic multipliers. When there is a shock from the foreign exchange rate market, firms strongly and quickly respond to the shock within a short period. In the likely case that the shock continues, these firms have already made appropriate changes to the adverse shock. The restrictions on the daily currency trading band at least offer extra time for firms to adjust to exchange rate changes. However, recent progress of RMB internationalization imply that the Chinese currency is becoming more flexible and tradable in the foreign exchange market, which might strengthen the exchange rate exposure of industry returns and reduce the effects of market portfolios.
Concluding remarks
This paper has explored the asymmetric exchange rate exposure of stock returns based on the evidence of Chinese industries. Unlike previous literature in estimating exposure using a simple static regression model, this study first estimates the exchange rate exposure using the dynamic linear approach building upon the CAPM framework. The dynamic linear estimations are carried out using a linear VAR model, which shows severe model misspecifications. In contrast, the dynamic nonlinear model estimates demonstrate that exchange rate exposures of industry returns are essentially asymmetric. Given that the RMB exchange rate is monitored by the authorities, the RMB exchange rate has expected and unexpected parts because of the restrictions on the currency's daily trading band. Since only unanticipated exchange rate changes will affect firm returns, we use two alternative ways to calculate the "unexpected" change in the exchange rate: simple regression and the HP filter, in order to get robust estimates. Nevertheless, the results from the inclusion of the two alternative approaches for measuring exchange rate changes are less than satisfactory. A possible reason for this could be the artificial approach of separating the expected (growth) and unexpected (cyclical) component of the exchange rate series, which might have removed some useful information about the change in the exchange rate.
The NARDL model estimates (Table 4) suggest that some of the non-exporting industries are subject to exchange rate exposures, which could be due to the higher proportion of their net imports. However, some state-dominated industries exhibit little correlation with exchange rate changes. Given the hypothesis that financial institutions might have unique asset structures and sophisticated risk management schemes, financial industries are still exposed to exchange rate changes. In accordance with the established fact, we also find that industry returns display lagged exposure effects. Furthermore, the dynamic multipliers reveal that industry returns quickly respond to exchange rate changes and make swift adjustments towards a new equilibrium within a short period (around 5 months), making the long run exposure to be symmetric or very small. The remaining shocks on industry returns are explained by the return of market portfolios. This implies that the managed floating exchange rate policy indeed helps protect the Chinese stock market from the effects of currency movements. As for investment strategies, investors could make short-term investments in the Chinese market without taking into consideration the exchange rate exposure. For long-term investments, the asymmetric exchange rate exposure should be closely monitored. Nonetheless, the recent progress of RMB internationalisation might also accelerate the speed of the Chinese currency becoming more flexible and tradable in the foreign exchange market. Added to the fact that an increasing number of Chinese enterprises are increasingly expanding their businesses overseas, the potential asymmetric exchange rate exposure could swell. Therefore, Chinese firms need to shift significantly into hedging currency exposures rather than relying heavily upon managing market exposures. 
Notes
ical model above has no problem of endogeneity, as SR is industry returns, which is subject to change proportionally to the change in the market portfolio (the CAPM theory), and ER t is the trade-weighted real effective exchange rate. In this model, changes in the exchange rate may affect industry returns, but the fluctuation in industry returns cannot influence the exchange rate, especially under the circumstance of a managed floating exchange rate in China. In the Chinese financial market, exchange rate changes exhibit little effects on stock returns ( Cuestas & Tang, 2015) . 6 As shocks from macroeconomic variables will first impact on market returns, the inclusion of any other macroeconomic conditions will cause the problem of collinearity.
7 Some studies assume that financial institutions have different asset characteristics and business objectives. Therefore, financial firms are usually excluded from the sample ( Bartram 2004) . 8 The intention of this study is first to examine the impact of exchange rate changes on stock returns using traditional dynamic linear model, and then introduce the dynamic nonlinear model to highlight the asymmetric effects of currency shocks.
9 Koutmos and Martin (2003) point out that asymmetric effect can be caused by asymmetric pricing-to-market behaviour, hysteretic behaviour and asymmetric heading behaviour.
10 Since this study is interested in the examination of asymmetric exchange rate exposure of industry returns, we do not give the dynamic multiplier equations for market returns, and also, we do not report the dynamic multipliers for market returns in the empirical analysis section.
11 The classification of Chinese industries by the Dazhihui is similar to that of the China Securities Regulatory Commission (CSRC). Although the latter has more detailed sub-industry classifications, this will not affect the results of this study, as the main interest of this paper is to investigate the asymmetric exchange rate exposure.
12 Tang (2015) also finds that returns of Chinese industries are more likely to be exposed to the trade-weighted exchange rate, rather than the bilateral nominal or real rate of USD/RMB. 13 The smoothing parameter λ is specified as 14,400 for monthly data as evidenced by the literature ( Harris & Yilmaz, 2009 ). 14 The industry classification in this study has referred to the industry classification citation of the China Securities Regulatory Commission (CSRC). 15 For more details, please see the General Administration of Customs of China and the paper by Wei, Liao, and Fan (2007) . 16 Figure 1 shows that the Chinese currency is becoming strong, which benefits Chinese financial industries. 17 The long run coefficients are very small and the explained relative changes which cause the changes of industry returns by 1% are very large, such as the electronics industry (1098.90% and 284.09%). This is true since the changes in industry returns and the exchange rate are expressed as natural logs. A small change in the monthly exchange rates will cause a large percentage change in the log return.
18 Since March 2014, the daily trading band of RMB/USD is restricted at 2%. Based on the current rate, the next day's rate is expected. Investors can adjust their investments according to the expected change in the exchange rate.
19 Dynamic multipliers are calculated according to the NARDL estimates in Table 4 , which is based on the conventional way of calculating exchange rate changes (log returns), since the estimates in Table 5 and Table 6 are less likely to be accepted. 20 To generate the dynamic multipliers, we select 100 replications for the calculation of confidence intervals. This could be supported both theoretically and practically. On the theoretical side, the existing literature has studied the number of replications needed for bootstrap confidence intervals, such as Efron, Halloran, and Holmes (1996) and Hedges (1992) ,Their evidence shows that even 50 replications can still give reasonable estimates. On the practical side, we initially chose 1000 replications for the bootstrap. The computer programme needs hours to produce poor estimates. It was really time-consuming and on many occasions converges could not be reached. Therefore, we reduced the number of replications to 100 times. 21 Pursuant to the conventional CAPM framework, industry returns are largely dependent on market returns, while this study mainly discusses the shocks from exchange rate changes. The equilibrium mentioned here refers to the equilibrium relationship between exchange rate changes and industry returns. 22 The long run asymmetric exchange rate exposures exist in eighteen industries, including banking, building construction, commercial chains, computer, education and media, electronic equipment, electronic information, electronics, machinery, medicine, papermaking and printing, securities, tourism and hotel, trade, transportation facilities, water and gas, wine and food, miscellaneous industries.
